Objective: The study aimed to investigate, for the first time, the association between diet quality (food variety and dietary diversity), intakes of anti-inflammatory nutrients and food groups, and subclinical inflammation as assessed by categories of highsensitivity C-reactive protein (hs-CRP). Design: Cross-sectional study. Setting: Resource-poor, rural children in the Eastern Cape, South Africa. Subjects: A sample size formula determined a representative sample of 235. Five schools were purposively selected and cluster sampling used to select 240 participants. Measurements included 24 h recall and dietary diversity questionnaires, anthropometric and biochemical measurements. Results: The sample consisted of 50·4 % (n 118) girls and 49·6 % (n 116) boys. No obesity was found, but overweight was prevalent in 4·2 % of the children. The hs-CRP concentration (median (25th, 75th percentile)) of the low, medium and high risk inflammatory categories was 0·6 (0·4, 0·7), 1·6 (1·2, 2·2) and 4·2 (3·4, 6·4) mg/l, respectively. Body composition parameters did not differ between hs-CRP groups. Most of the anti-inflammatory nutrient intakes (dietary Fe, Zn, Mg, vitamin C, folate, linolenic acid, linoleic acid, MUFA and PUFA) differed significantly between the hs-CRP groups, with intakes increasing from low to high hs-CRP groups, with similar results for linolenic acid (P = 0·022) intake. No significant relationships between hs-CRP and any of the food groups could be established, but significant relationships were established between hs-CRP levels and the high density of living arrangements and unhygienic ablution facilities. Conclusions: Although no link could be established between overnutrition and hs-CRP levels, an association was found between hs-CRP and dietary quality, as well as socio-economic status.
A well-established link exists between subclinical inflammation, as measured by C-reactive protein (CRP), and CVD risk (1) . In addition, high CRP levels have been correlated with metabolic syndrome and stroke, and can even predict the future development of type 2 diabetes mellitus (1) (2) (3) . Obesity is also well known for dysregulating various metabolic pathways, including low-grade inflammation, which may be revealed in chronically high pro-inflammatory biomarkers like CRP (4) . However, other factors have also been shown to have an impact on CRP levels, including poverty (3) , genetic variation (5) and dietary behaviours such as food and nutrient intakes, particularly fibre, fruit and vegetable intakes (6) . The burden of nutrition-related non-communicable diseases (NCD) in South Africa is high (7) and is predicted to increase, especially in rural communities (8) . Overweight and obesity, an important risk factor for NCD, is increasing worldwide, as well as in South Africa. Obesity results in dysregulation of the endocrine system, causing chronic low-grade inflammation that can be assessed by pro-inflammatory biomarkers, of which high-sensitivity CRP (hs-CRP) is the one most commonly used (4) . This inflammatory state is a strong predictor of NCD risk (3) . Early detection, especially during childhood, is one of the strategies employed by the national South African strategic plan to prevent and address the burden of NCD (7) .
The development of hs-CRP assays allowed evaluation of elevated, but not acute, CRP levels when assessing future disease risk. These inflammatory markers may even be pro-atherogenic in childhood and thus important as early predictors of adult chronic disease risk (3) (4) (5) (6) . High CRP levels in asymptomatic individuals are important when considering potential disease risk. It is thus important to investigate the state of subclinical inflammation that occurs when CRP levels are slightly elevated over a prolonged period without a systemic response (1) . Levels of hs-CRP have been classified, using cut-offs for low, medium and high risk of future CVD, corresponding to approximate tertiles in adults of <1·0, 1·0-3·0 and >3·0 mg/l, respectively (1, 6, 9) . Lower levels of hs-CRP appear to have a predictive protective effect for future CVD events (2) . Dietary factors have also been investigated in relation to CRP levels in adults, where CRP levels were lower in those with high grain, fruit and vegetable intakes, thus reflecting Mediterranean-style diets. In children, there are fewer studies; several show effects similar to those for adults and one study showed a positive association between high CRP level and fat intake (6) . Several studies have shown that healthy or health-protecting foods and nutrients with anti-inflammatory qualities, such as high intakes of grains and fibre (10) (11) (12) , vegetables (12, 13) , fruit (12) , dairy, EPA (14) , linolenic acid (14) , PUFA (14) and MUFA, Zn (15) , Fe (16) , Mg (17, 18) , vitamin C (19) and folate (9) , are inversely related to CRP concentrations. These findings were consolidated in reviews by Lazarhou and Philippou and Shivappa et al., who labelled these nutrients and foods anti-inflammatory diet components (9, 20) . Both these reviews also reported that CRP concentrations were significantly related to individual 'unhealthy' nutrient and food intakes, such as high intakes of total fat, percentage of energy as fat, plant oils and SFA (10, 13, 21) , and high consumption of foods such as fried foods, fried potatoes, sweets, chocolates, desserts, potato chips (13) , delicatessen meats and soft drinks (22) . These foods were categorised as having pro-inflammatory qualities (9, 20) . Furthermore, the additive effect of several unhealthy foods, as listed above, estimated by using a dietary index, showed a positive association with CRP concentration (9) . Evidence linking hs-CRP and diet is scarce, especially in children. Recent data support protection against chronic low-grade inflammation through healthy dietary practices during childhood (9) . Therefore, the aim of the present study was to investigate the associations of various components of diet quality (including dietary diversity assessments and anti-inflammatory nutrient and food intakes) with subclinical inflammation (the prevalence of low, moderate and severe inflammation categories using serum hs-CRP levels) in resource-poor, rural children between the ages of 6 and 18 years living in the Eastern Cape Province of South Africa.
Methods

Sampling
A sample size calculation (23) was used to determine the sample size for a 95 % confidence level and 6·25 CI, based on the total number of schoolchildren (age 6-18 years; n 5250) in public schools in the study region. Five schools were purposively selected by the Department of Basic Education, based on the criteria of having low income (<ZAR2000 per household per month) and being predominantly Xhosa-speaking. A cluster sampling method, based on gender, age and school distribution, was used to select the 235 participants needed for statistical representation. A total of 240 children were selected; a complete data set was obtained for 234 children and used for analyses and reporting of the results.
Data collection
All questionnaires were completed in a one-to-one interview with the assistance of trained fieldworkers. A validated socio-economic questionnaire (24) was used, which included questions to elicit household size, the age and education level of the child caregivers/legal guardians of the households, as well as household composition, monthly income and basic living conditions, such as water and sewerage facilities and the structure of the dwelling.
A four-stage, multiple-pass interviewing procedure (25) was used for the 24 h recall questionnaire data collection to ensure that 24 h data were correctly measured. Based on the fact that dietary intake measurements are not reliable, two 24 h recall questionnaires (one weekday and one weekend day) were completed for each respondent. An adapted dietary diversity questionnaire (26) was used to collect data on dietary diversity indices. The dietary diversity questionnaire was a printed list of foods categorised according to the nine nutritious food groups recommended by the FAO (27) . A registered dietitian (South Africa) and public health nutritionist (USA) were responsible for measuring weight and height according to standardised methods. Two measurements were taken, which were not to vary by more than 0·1 kg and 5 mm for weight and height, respectively. The average of the two measurements was used in case of any variation (28) . Using a Vacutainer needle, with minimal use of tourniquets, a nursing sister and a haematologist drew venous blood samples from participants after they had been sitting quietly for 15 min. Five millilitres of blood was collected in a silicone-coated tube for preparation of serum for the analysis of hs-CRP. The blood was placed on ice until separation within 2 h of blood collection. Serum was harvested by low-speed centrifugation at 4°C and aliquoted into individual tubes. Serum was stored at −80°C until analyses. A colorimetric method was used for analysis on the Konelab 20i analyser.
Data analyses
A complete database existed for 234 respondents, including 118 girls and 116 boys. The statistical software package IBM SPSS Statistics Version 22.0 was used for all statistical analyses and P < 0·05 was considered significant for all statistical tests. Linearity regression was used to test all continuous variables for normality. Most were not normally distributed; thus medians and 25th percentiles, 75th percentiles (P25, P75) instead of means and standard deviations were calculated. The socio-economic data were analysed for descriptive statistics (frequencies and percentages, as well as medians and P25, P75). Anthropometric data were analysed using the WHO AnthroPlus software to calculate underweight (weight-for-age), stunting (height-for-age) and thinness/wasting (BMI-forage). Underweight was defined as weight-for-age Z-score <−2 (severe underweight, Z-score <−3), stunting was defined as height-for-age Z-score <−2 (severe stunting, Z-score <−3), thinness as BMI-for-age Z-score <−2 (severe thinness, Z-score <−3) and overweight as BMI-for-age Z-score >+2 but ≤3 (obesity, Z-score > +3) (29) . The 24 h recall data were captured and analysed under the supervision of a registered nutritionist, using the FoodFinder program version 3, a dietary analysis program developed by the Medical Research Council and based on the South African Food Consumption Tables (30) . Nutrient intakes were analysed and medians compared with the Dietary Reference Intakes for age groups 4-8, 9-13 and 14-18 years (31) (32) (33) (34) (35) . Frequencies were used to determine the percentage of participants with nutrient intakes below 100 % of the Estimated Average Requirements. Only total energy intake and the anti-inflammatory nutrients (9) are reported in the results. The 24 h recall data were further analysed to calculate the median intakes of the inflammatory food components (fried foods, sweets and chocolates, confectionery, processed meats and soft drinks) (9) . The dietary diversity questionnaire data were used to determine the Food Variety Score (FVS) and the Food Group Diversity Score (FGDS). The FVS consisted of a simple count of single foods within the nine nutritional food groups (27, 36, 37) . Matla (26) described the cut-off points for a low, medium and high FGDS and FVS as follows: 0-3 food groups and <30 individual foods, 4-5 food groups and 30-60 individual foods, and 6-9 food groups and >60 individual foods, respectively. The dietary diversity questionnaire was statistically analysed for descriptive statistics (frequencies, medians and P25, P75). Medians and P25, P75 were calculated according to hs-CRP category before being compared with the normal range. The percentage of respondents with abnormal values was also calculated. Pearson (nominal parameters) and Spearman (categorical parameters) correlations were used to determine significant relationships between variables; however, only statistically significant relationships are reported in the 'Results' section. ANOVA with the correction of the Bartlett's test for equal variances was used to compare the medians within different hs-CRP categories at a significance level of P ≤ 0·05. MANOVA was used to control for energy and BMI-for-age Z-score to determine the significance of the relationships between hs-CRP and the various significantly correlated dietary intake variables. According to Pillai's Trace the model was fit for the multivariate analyses (P = 0·000), whereby the corrected model confirmed R 2 ranging from 86 to 94 %.
Results
Socio-economic results
The sample consisted of 50·4 % (n 118) girls and 49·6 % (n 116) boys. The mean age of the children was 7·0 (SD 0·8) years in the group of 4-8-year-olds, 11·0 (SD 1·4) years in the group of 9-13-year-olds and 16·0 (SD 1·4) years in the group of 14-18-year-olds. The mean age of the child caregivers/ legal guardians was 53·8 (SD 16·1) years, ranging from 21 to 103 years. The majority were single-headed households (62·7 %), with 36·9 % of those heading the households being single, 24·4 % widowed and 1·4 % divorced. Only 19·3 % of the child caregivers/legal guardians had no formal education, while 46·8 % had primary, 30·3 %, secondary and 3·7 % had tertiary education. The average household size was 5·3 people, ranging from 2 to 10. Hygiene seemed to be compromised as 60·3 % did not have running potable water at the house and needed to fetch water from elsewhere. Furthermore, waste removal services did not exist for 94·6 % of the households. The majority had a pit latrine (57·1 %) and 38·4 % had no toilet facilities. Only 7·7 and 11·4 % of the child caregivers/legal guardians and their spouses were employed, respectively, with 80·7 % having a household income of less than ZAR2000 per month. This amounts to ZAR12·58 per person per day ($US 1·00 per person per day), which is less than the cut-off point for people living in poverty according to the United Nations Development Programme (38) .
Anthropometric results
Both gender groups showed suboptimal results when compared with the WHO weight-for-age growth standard for the same gender and age groups. No boys were underweight whereas 8·3 % of the girls were. Underweight is usually the result of acute insufficient food and nutrient intake (39) . No children were severely underweight. Stunting, which indicates chronic insufficient food and nutrient intake and/or frequent infection (39) , was prevalent in both genders (3·8 %), affecting more girls (5·6 %) than boys (2·3 %). Furthermore, stunting was more pronounced among older children (10-19 years) . No children were severely stunted. The BMI-for-age results showed a prevalence of 1·7 % of severe wasting for the total group; 2·5 % of the girls were wasted compared with 4·3 % of the boys. Risk of overweight was 14·0 % in all the children, and 10·0 % in the girls compared with 18·1 % in the boys. The prevalence of overweight was 4·2 % for all the children; however, 4·3 % of the boys were overweight compared with 4·2 % of the girls. None of the children were obese.
Biochemical results
The median hs-CRP level was 2·3 mg/l for the total group of children. The children were grouped in subcategories for low (<1·0 mg/l; n 73, 31·5 %), medium (1·0-3·0 mg/l; n 115, 49·5 %) and high (>3·0 mg/l; n 44, 19·0 %) hs-CRP levels (2) (see Table 1 ). The hs-CRP concentration (median (P25, P75)) of the low, medium and high categories was 0·6 (0·4, 0·7), 1·6 (1·2, 2·2) and 4·2 (3·4, 6·4) mg/l, respectively. It was clear from the results that there was no difference in body composition parameters between the hs-CRP groups; however, the BMI-for-age Z-score of the girls and boys differed significantly (P < 0·025).
Dietary intake results
The nutrient intake analysis indicated deficient intakes for the total energy, folate and vitamin C for the group of children aged 6-8 years compared with the Estimated Average Requirements and WHO guidelines, respectively. Despite sufficient median intakes of Fe, Mg and Zn, 46·4, 23·1 and 37·5 % of the children in the sample consumed less than 100 % of the Estimated Average Requirement, respectively (see Table 2 ). The same trend was observed for the children aged 9-13 years. In the group aged 14-18 years, low median intakes were observed for total energy and all of the anti-inflammatory nutrients.
No significant differences were observed in the dietary fat intake variables between the groups, except for linolenic acid, where the children aged 14-18 years had a significantly (P = 0·022) lower intake than those aged 6-13 years. Furthermore, significantly different intakes were observed between the different age groups for total energy (P = 0·001), Fe (P = 0·011), Mg (P = 0·004) and folate (P = 0·012). The intakes of Fe, Mg and Zn increased with age. The 9-13-year-old children had higher folate and vitamin C intakes than either the 6-8-or 14-18-year-old group. Furthermore, the percentage of children with inadequate intakes of Fe, Mg, Zn, folate and vitamin C increased progressively with age. The per capita median intake of fried foods was 36·6 g, sweets and chocolates 24·9 g, confectionery 7·4 g, processed meats 15·7 g and soft drinks, 166·0 ml/d.
Dietary diversity results
The total number of food items consumed by the children was 54 for the period of 7 d, showing a medium food variety. However, the number of individual foods mostly consumed by an individual ranged between 17 and 29. This was confirmed by the median FVS of 22·9, which indicates that the participants had a low FVS (26) , with a minimum intake of 1 and a maximum of 54 individual food items for the 7 d period.
When assessing food group diversity, the cereal, flesh, other vegetables and fruit groups reflected the most variety, with 15, 10, 9 and 9 different food items in each group, respectively. The median FGDS (dietary diversity score) of 8·0 indicated a high dietary diversity (26) . The majority of the children (94·4 %) consumed 6-9 groups (high FGDS) and 5·6 % consumed 4-5 groups (medium FGDS).
Intakes of all the anti-inflammatory nutrients (namely, dietary Fe, Mg, Zn, vitamin C, folate, MUFA, PUFA, linoleic acid, linolenic acid) differed significantly between the hs-CRP groups, except Mg. The anti-inflammatory nutrient intakes increased progressively from the low to the high hs-CRP group, with similar results for linolenic acid (P = 0·022) intake. Interestingly, these nutrients have all been categorised by Lazarhou and Philippou as healthprotecting (9) ; however, intakes of all these nutrients appeared to increase from the low hs-CRP to the high hs-CRP category, indicating that higher intakes were observed in those children with medium and high levels of hs-CRP, thus medium and high levels of inflammation when compared with those with low levels of hs-CRP (Table 3) . Significant correlations between hs-CRP and dietary intake variables are shown in Table 4 . No significant differences were observed in the median intakes of the inflammatory food components of the groups (data not shown).
We also explored the dietary diversity and food group diversity within the hs-CRP categories; however, no significant associations were observed. Generally poor dietary intake may have constrained the statistical power for examining the impact of diet quality on hs-CRP levels. Therefore, the high hs-CRP levels were most likely, in this instance, related to other confounding factors such as socio-economic status. This was explored further, revealing significant inverse relationships between hs-CRP and house size and presence of a toilet. Household income, caregiver education and employment status showed no significant correlations with hs-CRP, but the employment status of the child caregiver/legal guardian showed significant positive relationships with various nutrients and food groups (Table 4) .
Discussion
Both over-and undernutrition were prevalent in the children in the present study, once again confirming that South Africa is a country in nutrition transition (40) . Although no obesity was found, overweight was prevalent in 4·2 % of all children. This is much lower than found in the South African National Health and Nutrition Examination Survey data, which showed a much higher prevalence of both overweight (11·5 % for boys, 16·5 % for girls aged 2-14 years) and obesity (4·7 % for boys, 7·1 % for girls aged 2-14 years) (7) . However, risk of overweight 
P25, 25th percentile; P75, 75th percentile; TFA, trans-fatty acids; E%, percentage of energy; DDS, dietary diversity score; FVS, Food Variety Score; FGDS, Food Group Diversity Score. *P < 0·05 following ANOVA analysis for low, medium and high inflammatory groups, energy controlled for.
was high at 14·0 % in all children of the present study, with the boys being more at risk (18·1 %) than the girls (10·0 %). Stunting was observed in both genders (3·8 %), but was higher in girls (5·6 %) than boys (2·3 %). This finding is consistent with the data from the dietary assessment, confirming chronic insufficient food and nutrient intake and/or frequent infection (39) . In addition, the median hs-CRP level of 2·3 mg/l, which is classified as a medium hs-CRP level, indicated risk of chronic low-grade inflammatory status (1, 6, 9) . When considering the hs-CRP categories, there were no significant differences between the groups. It is interesting to note that only 31·5 % had no inflammation, while 49·5 and 19·0 % had medium and high hs-CRP levels, respectively, despite the median hs-CRP level being lower than the cut-off for acute inflammation (3) . These levels were unexpectedly high in this group of apparently healthy children. According to Nazmi and Victora, hs-CRP is a reliable marker for low-grade inflammation (3) . The pro-inflammatory nature of CRP under certain conditions may be associated with future NCD risk (3) . The hs-CRP levels of the majority of the children in the present study, irrespective of nutritional status, indicate high risk of lowgrade inflammation.
Research has shown that a healthy diet during childhood can protect against malnutrition, inflammation and future disease risk (9) . Markers of an unhealthy diet include inflammatory components linked to hs-CRP levels, such as high intakes of certain nutrients (e.g. total fat and SFA) and certain food items (e.g. fried foods, sweets, confectionery, processed meats and soft drinks). On the other hand, anti-inflammatory components include nutrients such as dietary Zn, Fe, Mg, vitamin C, β-carotene, folate, linolenic acid and linoleic acid, as well as foods such as whole grains, fruit, vegetables and dairy foods (4, 9) . In the present study, the intakes of Fe, Mg and Zn increased with age; however, the percentage of children with inadequate intakes of Mg, Zn, folate and vitamin C increased progressively with age, thus indicating older children being at risk of having poor micronutrient intakes.
Low total fat intake of less than 30 % of total energy intake was observed in the current study. SFA, PUFA, MUFA, trans-fatty acid and linoleic acid intakes recorded percentages in line with the guidelines for the prevention of chronic disease, whereas linolenic acid intakes were much lower than the recommended goal of 0·5-2 % (35) . Fe, vitamin C, Zn and linolenic acid intakes were all categorised by Lazarhou and Philippou as health-protecting (9) . Interestingly, intakes of all these nutrients appeared to increase significantly from the low hs-CRP to the high hs-CRP category, indicating that higher intakes were observed with inflammation. These results contradict those presented in the review of six previous studies (9) and were further confirmed by the significant positive correlations between hs-CRP and dietary intake variables, except for total fat intake that showed an unexpected inverse relationship with hs-CRP. This contrasts with the positive relationship reported by Aerberli et al. (41) . We also explored the dietary diversity and food group diversity within the hs-CRP categories; however, no significant associations were observed. This is most likely due to the infrequent consumption of different food items within the food groups (low food variety) and the resultant low nutrient intakes. The majority of the children had a high FGDS median (dietary diversity score), but a low FVS. This indicates that although most food groups were consumed, only a limited number of foods from each group were consumed in the 7 d period. The children's diets generally consisted of only seven different cereals, six to seven different vegetables and fruits, three different flesh foods, two dairy foods, and one legume and one egg dish consumed over a period of one week. Consuming one or two foods from each of the nine groups does not, therefore, constitute a varied intake. The food intakes of this group of children were thus not in line with the South African Food-Based Dietary Guideline of 'eat a variety of foods'. Vegetables, fruit and whole grains are rich sources of antioxidants (Zn, vitamin C, vitamin E and β-carotene), which assist in managing oxidative stress in the body. These nutrients further assist in reducing subclinical inflammation (4, 6) . In the present study, low intakes of these food groups and antioxidant nutrients were observed. Low intakes of antioxidant vitamins have, furthermore, been associated with obesity in children (6) , which could have explained the high prevalence of risk of overweight in these children. No significant relationships between hs-CRP and any of the food groups could be established in the current study, but significant inverse relationships were established for house size in terms of number of rooms and hygienic ablution facilities with hs-CRP levels. Thus, those children living in bigger houses and those with the presence of a toilet in the house showed lower risk of inflammation. In this instance, socio-economic factors thus were significantly associated with the inflammatory status of these children. A study undertaken in nearby Mthatha showed that 60 % of primary-school learners tested positive for intestinal parasitic infections, often associated with poverty and poor environmental hygiene (42) . Parasitic infections may also have contributed to the high levels of inflammation observed in the study children; however, this was not determined in the study. Furthermore, resource-poor households are often deprived not only of access to food, but also of a variety of high-quality nutritious foods (43) . Poor people often purchase cheaper, energydense foods that are most satiating, resulting in nutrientpoor diets with low variety within food groups (7) . In the current study, a significant positive relationship was observed between the employment status of the child caregiver and dietary fibre, folate and vitamin C, as well as the legume, vitamin A-rich and vegetable food group intakes. Although it seems as if sociodemographic factors were more associated with inflammation in these children, the importance of diet quality, specifically dietary diversity, should not be underestimated as a varied diet is positively associated with many health outcomes such as child anthropometric status, improved Fe status and birth weight. Furthermore, although sociodemographic factors are important determinants associated with household food security, access to and consumption of a variety of foods are needed to achieve nutrition security (44) . The present study has several limitations, including the availability of only two 24 h dietary recalls that provided a less accurate measure of dietary intake. This may have resulted in reducing the power to detect accurate relationships, specifically for foods not eaten frequently and for seasonal variations. However, the data were collected by trained and experienced fieldworkers, and food models and household utensils were used for the estimation of portion sizes. Second, although the sample size is representative of this community, the results should not be generalised to other socio-economic groups or communities within the Eastern Cape.
Conclusions
To our knowledge, the present study is the first to explore the relationship between dietary quality and hs-CRP in a resource-poor setting in South Africa. The conclusions can be summarised as follows:
1. The hs-CRP levels of the majority of the study children indicate a high risk of low-grade inflammation. 2. Although no link could be established between overnutrition and hs-CRP levels, a significantly positive association was found between hs-CRP and some of the anti-inflammatory nutrients, contradicting results from other studies (9, 41) . Our study thus found no protective effect of the anti-inflammatory nutrients on inflammation. 3. Larger house size and the presence of ablution facilities showed a positive association with inflammation, thus there was less inflammation with the presence of these two sociodemographic markers. No other associations were observed.
Evidence from the limited research in this area is contradictory. Owing to the complex nature of diet quality assessments, it is difficult to pinpoint the effects of different micronutrients and/or foods and groups. Future research is recommended as follows:
1. Dietary quality, particularly inflammatory and antiinflammatory nutrients and food components, and their association with inflammatory markers such as hs-CRP should be investigated further to gain a better understanding of this relationship in both low and high socio-economic groups. 2. Although the precise significance of the association of hs-CRP with obesity and adiposity has not been determined in children (4) , more research should be conducted to establish the link with NCD to plan suitable interventions for the prevention of these diseases in the long term.
